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Introduction 
Within the last few years triethanolamine and diethanol-
amine have become available commercially at low cost. 'l'his nas 
' 
stimuJ.ated r·esearCJ.i to find and aeve.tov new uses for these pro-
ducts, but comparatively little has been done to prepare new 
derivatives. 
This research was originally undertaken to prepare B,B' ,B"-
trithiocyanotriethylrunine and B,B'-dithiocyanodiethylamine, by 
replacing the hydroxyl group of the corresponding ethanolamines 
with chlorine by means of thionyl chloride, and subsequent re-
placement of the chlorine with the -SCN group, using KSCN as the 
reagent. 
In the course of the investigation certain irregularities 
in the properties of the chloro- compounds were observed, and 
it seemed profitable to investigate these compounds further. 
Accordingly, the original research v.;ras abandoned, and full at-
tention was given to the investigation of B,B' ,B"-trichlorotri-
ethylamine and B,B'-dichlorodiethylamine. 
1 
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Reagents 
The ethanolamines used in th,is series of experiments were 
Eastman Kodak Technical products. 11hese were not redistilled 
or purified in any way, but were used as received. In the later 
work a better grade of diethanolamine was obtained, as sho~m by 
the fact that it solidified in the stock bottle, whereas the 
first samples were liquid at room temperature. Pure diethanol-
amine melts at 28°C. 
The thionyl chloride was likewise an Eastman Kodak Techni-
cal product, and was not repurified. A micro-determination ·of 
the boiling point gave a value of ?8°C., as compared with the 
accepted value of ?8.8°C. From this it was considered safe to 
assume the product practically pure. 
The chloroform and ether used were also technical products. 
No tests were made of their purity. 
Both technical and thiophene-free benzene were used, and 
there is evidence to show that better yields were obtained when 
using the thiophene-free material. 
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Preparation of Triethanolamine Hydrochloride 
Thionyl chloride was used as the chlorinating agent for the 
ethanolamines. The trichlorotriethyla.'lline hydrochloride v1as 
prepared in all cases from the triethanolamine hydrochloride. 
Triethanolamine hydrochloride may be obtained readily from 
triethanolamine by treatment with concentrated hydrochloric 
acid: 
H\ /CH 2CH 20H 
HCl --+ N~ CH 2CH20H 
c{ '\ CH2CH20H 
Concentrated hydrochloric acid was added to ?5 grams (66 
cc., 0.5 mol} of triethanolamine in a 400 cc. beaker, until the 
solution was slightly acid to litmus. Considerable heat was 
evolved, so that it was necessary to add the acid slowly. 'l'he 
temperature of the solution was maintained at about 15°C. by 
cooling in an ice bath. Fine white crystals of triethanolamine 
hydrochloride began to separate as soon as the acid was added. 
After addition of the acid was completed, the solution was 
cooled in an ice bath for one hour, filtered through a Buchner 
funnel, washed once 'Ni th ethanol, and dried for one hour at 
11ooc. Sixty-seven and five tenths grams were obtained, or 
seventy-two and five tenths percent of the theoretical amount. 
Some decomposition took place when the product was heated, 
as shovm by a slight discoloration. fJ.'his was possibly due to 
3 
the presence of traces of ethanol which had not been completely 
removed after washing the crys:tals. Accordingly, the procedure 
was repeated as before, but varied to remove the last traces of 
ethanol. 
After the triethanolamine had been made acid, the solution 
was cooled in an ice bath for one and one half hours instead of 
one hour, and after filtration, was washed once with ethanol and 
twice with acetone. It was dried by suction until the odor of 
acetone was no longer apparent, and dried for forty-five min-
utes at 110°0. From one hundred nine and six tenths grams of 
the amine, one hundred two and seven tenths grams of the hydro-
chloride were obtained, or a yield of seventy-five and two ten~ 
percent of the theoretical. The crystals melted sharply at 
1?8°. 
Germann and Knight1 report a yield of ?O% of the hydrochlat'-
ide, using the technical triethanolamine. They give the melting 
point of the hydrochloride as 1??-1?8°. 
1 Gennann and Knight, J. Am. Chem. Soc., 55:4150, (1933}. 
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-Preparation of Trichlorotriethylamine Hydrochloride from 
Triethanolamine Hydrochloride 
Forty-six grams (twenty-five hundredths mol.) .of triethan-
iolrunine hydrochloride was placed in a 500 ml. round bottom flask 
equipped with a reflux condenser and a gas absorption trap. A· 
solution of 119 grams (?2.4 cc, 1 mol.) of thionyl chloride in 
seventy-five cc. of benzene was added, and the reaction mixture 
permitted to stand overnight at room temperature. IJ.'he reaction 
proceeded smoothly according to the equation: 
H'\ /CH2GH20H 
N-CH2cH20H 
c{ '\_ CH2CH20H 
+ 
0 
II 
3Cl-S-Cl ~ 
H". /CH2CH2Cl 
N- CH2CH2Cl 
c{ " CH2CH2Cl 
+ 3S0 2 + 3HC1 
The reaction was complete at the end of sixteen hours. 
The solvent was distilled off under atmospheric pressure 
using a free flame. Charring was evident in the bottom of the 
flask. 
The flask was placed under reflux, and heated on the steam 
bath. Acetone was added through the condenser until the entire 
mass was dissolved in the boiling solvent. The solution was 
poured out into an evaporating dish and allovved to cool. Crys-
tallization occurred almost iwnediately, and after standing for 
one hour at 10°C. the crystals were filtered off by suction. 
Some decomposition had occurred when the solvent was dis-
tilled off, and further charring was evident upon addition of 
acetone. It was found that this charred matter was retained by 
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the crystals, so they were again dissolved in acetone and a 
quantity of norite added to decolorize the solution. The norite! 
was filtered off through a steam jacketed funnel to prevent 
crystallization during the operation. This treatment removed 
the greater part of the color, but not all. The process was re-
peated t·wice, but apparently only a definite percentage of the 
charred matter could be removed by this method, for no further 
improvement was noted. 
The product was recrystallized three times before it was 
obtained in a pure state. It was evident that a considerable 
portion had been lost, so the yield was not determined. The 
crystals were found to melt at 131-132°, whereas the value pre-
viously reported by \iard1 is 130-131°, and McCombie and Purdie2 
report 133.5° for this substance. 
A second run was made, using the same apparatus and quan-
tities as before. The reaction in this case was not complete at 
room temperature in sixteen hours, so the flask was warmed to 
6ooc. on a hot water bath for one hour, and the mixture allowed 
to stand an additional forty-eight hours. 
The solvent was distilled off under slightly diminished 
pressure (about 200mm.) using a hot water bath instead of a 
free flame to heat the flask. Some decomposition occurred as 
before, but the amount of decomposition v,ras relatively slight. 
1 \lard, J. A11. Chem. Soc., 5'7:914-916, (1935). 
2 McCombie and Purdie, J. Chem. @.£9_., 1935:121'7-18. 
I 
I 
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The product was recrystallized from acetone, some decomposition 
occurring when the acetone was added just as in the previous 
run. rl'he crystals were filtered off, washed vd.th acetone and 
dried by suction. The yield was not determined, for a portion 
of the crystals was accidentally lost. 
I 
I 
li 
? 
Preparation of Trichlorotriethylamine 
Hydrochloride Using Chloroform as the Solvent 
A third run was made, using chloroform as the solvent in-
stead of benzene. Ninety-three grams (five-tenths mol.) of tri-
ethanolamine hydrochloride were ·placed in a one liter round bot-
tom flask, equipped 'Ni th reflux condenser and gas absorption 
trap, and a solution of 238 grams (2 mols, 146 cc.) of thionyl 
chloride in one hundred and fifty cc. of chloroform was added. 
The reaction mixture was allo·wed to stand for a period of forty-
eight hours. At the end of that time it was evident that the 
reaction had not proceeded as expected, and meltine point tests 
of the solid in the flask at that tLrne showed that very little, 
if any, reaction had taken place. 
The thionyl chloride that was used in this experiment had 
been in the stock room for several years, and it is probable 
that the reagent had slowly reacted with the moisture of the air 
during that time, and the solution actually contained very 
little thionyl chloride. A fresh supply was used in all subse-
quent experiments, and in no case did a reaction fail to occur. 
At the ti:rne the failure was considered due to solvent ac-
tion, so that in all other ex-periments with triethanolamine, 
benzene was used as the solvent. In the case of both diethanol 
amine and monoethanolamine, chloroform has been shovm to be the 
better solvent, and McCombie and Purdie1 have recently describ-
1 :ivlcComb ie and Purdie , J. Chem. Soc . , 19 35: 121 '7 -18. 
8 
II 
ed the preparation of trichlorotriethylamine hydrochloride using 
chloroform as the solvent. The yield reported by these investi-
gators (72.8%) makes it evident that chloroform is suitable as 
the solvent, and gives additional reason to believe that fail-
ure in this case was due to a low grade reagent. 
9 
Final Procedure Developed for the Production of 
Trichlorotriethylamine Hydrochloride 
As has been noted, some decomposition took place each time 
the acetone was added to recrystallize the product. It was s~s­
pected that this was due to a reaction between the acetone and 
traces of thionyl chloride remaining in the flask. Test-tube 
tests confirmed this; the addition of a bit of thionyl chloride 
to acetone resulted in inunediate darkening of the solution. No 
attempt was made to determine the reaction that occurred. 
The following procedure was adopted so that all traces of 
thionyl chloride would be removed from the reaction flask before 
addition of the acetone. 
A solution of 238 grams ( 2 mols, 150 cc.) of thionyl chlor-
ide in one bundred fifty cubic centimeters of benzene was added 
to 93 grams (0.5 mol.) of triethanolamine hydrochloride in a 
one liter round bottom flask equipped with a reflux condenser 
and gas absorption trap. The solution was heated to 55°C. and 
maintained at this temperature for three hours. At the end of 
this time no further evolution of HCl and so2 was observed, and 
the reaction was considered complete. 
The benzene and excess thionyl chloride were distilled frorr 
the reaction flask under diminished pressure at 50°C. Fifty 
cubic centimeters of ethanol ·were added to react V!i th the last 
traces of thionyl chloride according to the eauation: 
10 
All of the products are gases at room temperature and escape 
from the reaction flask. The ethanol was boiled for fifteen 
minutes and then distilled off under diminished pressure. 
The quantity of ethanol added was much greater than req_uir-
ed to react,with the thionyl chloride present. The large amount 
was used so that, when distilled off, it would mechanically 
carry off the so 2 gas remainine in the flask. 
The residue was dissolved in boiling acetone and permitted 
to recrystallize, filtered by suction, washed with a little ace-
tone, and dried by suction. No decomposition occurred on addi-
tion of the acetone. 
A yield of 106.3 grams (88.2%} was obtained. Using the 
same procedure, but without the use of ethanol to destroy the 
last traces of thionyl chloride, Ward1 reports a yield of 70%. 
McCombi.e and Purdie 2 prepare trichlorotriethylarn.ine hydro-
chloride directly from triethanolrumine by means of thionyl chl~ 
ide, and report a yield of 73.8%. 
A second crop of crystals may be obtained by concentrating 
the mother liquor. This second crop increased the yield to 
about 92%. 
1 ~'lard, J. Am. Chem. Soc., 57:914-916, (1935). 
2 McCombie and Purdie, J. Chem. Soc., 1935:1217-18. 
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Preparation of Trichlorotriethylamine from 
Trichlorotriethyla~ine Hydrochloride 
The free amine may be liberated from its salt by making 
an aqueous solution of the hydrochloride distinctly alkaline 
with sodium hydroxide, the reaction involved being simply the 
neutralization of the HCl by the NaOH: 
H\ /CH2CH2Cl 
N-CH2CH2Cl + 
ci '\ CH2CH2Cl 
+ NaOH + HOH 
The amine is almost completely insoluble in water and separates 
from solution as an oil, heavier than water, vdth a faint yellow 
color. 
Nineteen and two tenths grams of trichlorotriethylamine 
hydrochloride were dissolved in tvm hundred cubic centimeters 
of water, and fifteen percent sodium h:>rdroxide added until no 
further turbidity appeared on the addition of a little more hy-
droxide. The solution was extracted with several portions of 
ether, and the ether distilled off from the water bath. Six-
teen and seven tenths grruns of the a~ine were obtained, This 
actually represents more than a quanti tc:1t i ve yield ( 16.3 g.) 
but this may be readily explained since the ether solution was 
not dried before distillation and undoubtedly contained an ap-
prec iable runount of vmter. 
This sample vms used in other work and no attempt was made 
to determine its physical properties. 
12 
A second portion of the hydrochloride (60.25 g., 0.25 mol.) 
was dissolved in water and made alkaline with sodium hydroxide 
as before. The free amine was extracted with ether, and the 
ether extract was dried over solid sodium hydroxide for two 
hours. The ether was then evaporated off under reduced pres-
sure, leaving the free amine as an oil vrrth a very light yellow 
color. 
13 
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Properties of Trichlorotriethylamine · 
A small portion of the oil was placed in a 50 cc. Claissen 
flask arranged for vacuum distillation. It was found that it 
could be distilled without decomposition at about 139-140°C./ 
4 mm. The entire Quantity was then distilled, a boiling point 
range of 141.5-142.5°C./8 mm. found. Forty-seven and one tenth 
grams of the amine were obtained from the sixty and twenty-five 
hundredths grams of the hydrochloride used. This represents a 
yield of 92.1%, based on the hydrochloride. r:I.'he actual yield 
vras slightly higher, since the quantity used to determine vfu.eth-
er or not it could be distilled was not included. 
Vihen freshly distilled, the amine was aJmo st colorless, but 
after standing for sixty hours it had turned to a light brown 
color, and on further standing darkened so that the solut:i,pn be-
came QUite opaQue. Small masses of crystals appeared in a solu-
tion that was permitted to stand for a month. No effort was 
made to identify them, though it is believed they were trichloro 
triethylamine hydrochloride, since that is the chief product of 
·thermal decomposition. 1 Apparently some molecules are convertec 
to the hydrochloride by the decomposition of others. A similar 
darkening and apparent decomposition took place in an ethereal 
solution that was permitted to stand for two months, though in 
this case the decomposition was much slower and no crystals 
1 lvlcCombie and Purdie, J. Chem. Soc., 1935:121 '7-18. 
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were formed. Instead, a small amount of a dark brovm mass was 
deposited at the bottom of the flask. 
McCombie and Purdie1 report the boiling point of trichloro-
triethylamine as 13?-38°C./15 mm. Since there is considerable 
discrepancy between their value and that reported here, a third 
portion of the amine was prepared, using 30 grruns (0.125 mol.) 
of the hydrochloride, and proceeding exactly as before. The re-
sults checked with the findings of the present investigation, a 
boiling point of 143-144°C./15 mm. being found. The yield was 
not determined in this case, as the sole interest was in the 
boiling point of the liquid. 
When the compound is distilled, the first few drops of di~ 
tillate have a somewhat cloudy appearance. If the distillation 
is interrupted to remove this from the receiver, the first por-
tion of the distillate is again cloudy. In order to secure a 
pure sample for analysis, a special receiver was used, so ar-
ranged that the distillate could be dravm off without interrupt-
ing the distillation. The first portion was draV~m off and dis-
carded, the second portion, v1hich was clear and colorless, was 
used for analysis. The final portion was likewise rejected. 
Analysis· of two samples of the distillate gave 51. 6~~ and 
l51.85b of chlorine respectively. 11he theoretical amount for tri-
. 2 
chlorotriethylamine is 52.09'o. 
1 McCombie and Purdie, J. Chern. Soc., 1935:121?-18. 
2 See page 45 for method of analysis. 
15 
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Table I 
Analysis of Trichlorotriethylamine for Total Chlorine 
I II 
V/eieht sample 0.32?2 0~2962 ·. 
CC. AgJ.'J0 3 49.52 47.85 
CC. KSCN 3.01 8.56 
Normality AgN0 3 0.09914 0.09914 
Normality KSCN 0.05024 0.05024 
Percent chlorine 51.56% 51.?6% 
Calculated for (ClCH2CH 2) 3N; 52.0% 
---, 
-;----
The molecular weight of the amine was determined by means 
of the freezing point depression of benzene. A value of 205.9 
was obtained, as compared with the theoretical value of 204.5. 
This of course indicates that the compound exists in the mono-
meric form, at least in benzene solution. 
Weight benzene 
Weight sample 
ATf 
Table II 
Molecular Weight ( obs.) 
Molecular \ieight (calc.) 
Percent error 
7.102 
0.5438 
1.75 .c. 
205.9 
204.5 
0.68 
17 
Preparation of Diethanolamine Hydrochloride 
The hydrochloride of diethanolrunine may be obtained by neu-
tralizing the amine with hydrochloric acid: 
/ CH 2CH20H 
H-N + 
" 
CH 2CH20H 
H'. / CH 2CH20H 
HCl~ H-N 
/'\.,_ 
Cl CH2CH20H 
The hydrochloride of diethanolamine was prepared by making 
52.5 grams (0.5 mol., 4?.8 cc.) of diethanolamine slightly acid 
to litmus with concentrated hydrochloric acid. The water and 
excess acid ·were removed by distillation from the steam bath 
under reduced pressure. The hydrochloride was obtained as a 
dark colored viscous liquid. 
Other experiments being conducted in the laboratory sug-
gested the possibility that if the liquid diethanolamine hydro-
chloride could be obtained in a perfectly anhydrous state, it 
would become a crystalline solid. 
In order to test this, a portion of the hydrochloride was 
placed in a 500 cc. Claissen flask, and dry air (drawn through 
a soda lime tube) was dravm through the liquid intermittently 
for a total of forty-eight hours. During this time the flask 
was heated on the steam bath, and a pressure of 10-20 mm. was 
maintained 'v'rithin the flask. 
No change of any sort could be detected in the solution. 
While heated on the steam bath, the liquid became slightly less 
viscous, but on cooling it was found that the viscosity was un-
18 
changed, as compared with an undried sample. 
Since crystallization sometimes occurs only after standing 
for some time, the liquid was permitted to stand for four weeks. 
At the end of that time no change had occurred. 
The liquid was then dried over concentrated H2S04 for three 
weeks, and remained unchanged. It was then again heated for 18 
hours on the stearn. bath under diminished pressure, while a st:r:mm 
of dry- air' was drawn through it. 'l'he air in this case was 
dried by drawing it through a CaC12 tube, two gas v'mshing bot-
tles containing concentrated H2so 4 , and a U-tube containing 
solid KOH. 'l'he liquid was unchanged, and it was concluded that 
a crystalline hydrochloride could not be obtained, at least at 
room temperature. 
19 
Di chloro di ethylalTI.ine Hydrochloride 
The diethanolamine hydrochloride obtained from 52.5 grams 
( 0. 5 mol., 4? .8 cc.} of diethanolamine was placed in a 500 cc. 
round bottom flask equipped with a reflux condenser and gas ab-
sorption trap, and to it was added a solution of 158 grams . 
(196.3 cc.) of thionyl chloride in 50 cc. of chloroform. Two 
la;srers are formed in the reaction flask, the lower one being 
the hydrochloride and the upper the thionyl chloride and chloro-
form. 
The reaction was entirely analogous to the formation of 
trichlorotriethylamine hydrochloride from triethanolamine hy-
drochloride: 
H\ / CH2CH20H 
H-N + 
/ '\. 
Cl CH2cH20H 
Apparently it was complete in about three hours, for no further 
evolution of HCl and so 2 was observed. At/ this ti.llle the liouid 
became homogeneous, the two layers disappearing entirely. 
The chloroform and excess thionyl chloride were distilled 
off, leaving a dirty white porous mass. This was dissolved in 
acetone, boiline under reflux. 
The addition of the acetone was accompanied by partial de-
composition and darkening, as has been described in the case of 
triethanolamine, due to the presence of traces of thionyl chlor-
ide. 
20 
i' 
The acetone solution was partially decolorized with norite, 
filtered, and permitted to crystallize. The crystals of di-
chlorodiethylamine hydrochloride were filtered off, washed with 
a small amount of acetone, and dried by suction. The product 
was in the fonn of very small white needles, melting at 216°0. 
The yield was not determined, since it was evident that a large 
part of the product had been lost in purification. 
In the prepara~ion of trichlorotriethylamine hydrochloride 
decomposition had been observed when acetone was added to re-
crystallize the product. This was due to a reaction between 
the acetone and traces of thionyl chloride that remained in the 
flask, and was eliminated by the addition of a small amount of 
ethanol to react with the thionyl chloride. The sac11e modifica-
tion was found to be applicable here. 
The preparation of dichlorodiethylamine hydrochloride was 
1 repeated exactly as before, but 45 cc. of ethanol was added to 
; the flask after the thionyl chloride and chloroform had been 
distilled off. This was boiled for fi:eteen minutes, then dis-
tilled off under reduced pressure. The residue was then recrys-
tallized from acetone with no decomposition whatever. A yield 
of 60 gra~s of dichlorodiethylamine hydrochloride was obtained 
from 52.5 grillas of.diethanolamine. (67%) 
. 21 
Effect of an Excess of Diethanolamine Hydrochloride on the 
Chlorination Reaction 
A third run was made, using 105 grams (95.6 cc., 1 mol.) of 
diethanolamine. The hydroc~loride was prepared from this as 
before, by making it acid with HCl and distilling off the water 
and excess hydrochloride. 
The hydrochloride was placed in a one liter round bottom 
flask equipped with a reflux condenser and gas absorption trap, 
.and 120 cc. (196.? g., 1.65 mol.) of thionyl chloride in one 
hundred cubic centimeters of chloroform added. 
This :B only eighty-two and five tenths percent of the the-
oretical amount required to chlorinate both the hydroxyl groups 
feet of the excess diethanolamine hydrochloride. 
The reaction mixture was permitted to stand overnight, and 
!was apparently complete the next morning. The chloroform was 
:! distilled off under reduced pressure, leaving a porous mass. 
I! Forty cubic centimeters of ethanol was added, the ethanol boile 
li for fifteen minutes, and distilled off under diminished pressure! 
'I 
Up to this point the reaction had proceeded just as before. 
When it was attempted to recrystallize from acetone considerable! 
:I difficulty was encountered. It w~s found that the product mull\ 
!! dissolve to only a slight extent 1n boiling acetone, repeated 
,, 
•I 
'I II 
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_...;.J_________________________ l-----11 . 
ii leachings with large volumes of the solvent failed to dissolve ~-
the mass. It was finally necessary to recrystallize from ethan-
ol, and only a small q_uantity was eventually obtained. 
The reason for the extreme difficulty in recrystallizing 
the product is not knovm, but apparently the presence of the ex-
cess diethanolamine hydrochloride was the cause. No further 
work was done along this line. 
il 
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Preparation of Dichlorodiethylamine Hydrochloride 
from Diethanolamine 
McCombie and Purdie have developed a method of preparing 
dichlorodiethylamine hydrochloride from diethanolamine rather 
than diethanolamine hydrochloride. 1 This seemed to offer the 
possibility of a more rapid and convenient preparation of the 
compound, though with a slight sacrifice :iiLyield. 
IJ.'he reaction by this method would be: 
0 
II 
+ 2Cl-S-Cl-
H\ /CH2CH 2Cl 
H-N 
/\ 
Cl CH2CH 2Cl 
+ + HCl 
Fifty grams (forty-five and five tenths cubic centimeters} 
of diethanolamine was dissolved in 150 cc. of chloroform, and 
the solution placed in a one liter round bottom flask equipped 
with reflux condenser, addition funnel and mechanical stirrer. 
To this was added a solution of 213 grams ( 130 cc., 4'71b excess) 
of thionyl chloride in one hundred and thirty cubic centimeters 
I of chloroform over a period of fifteen minutes with stirring. 
i The solution was boiled vigorously until it lost the cloudy ap-
~ pearance and beca..TJJ.e quite clear, Vfhich required about fifteen 
minutes. The solution was transferred to a one liter beaker and 
cooled in an ice bath for one hour. Crystallization occurred 
i 
!as soon as the solution began to cool. :: __________ _ 
il 
:I I, 
Described by Mann, J. Chern. Soc., 461, ( 1934). 
24 
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I 
The crystals were filtered off through a Buchner funnel, 
washed tvrice with chloroform and once with ether, and dried by 
suction. 11wenty-eight and seven tenths grams of dichlorodieth-
ylamine hydrochloride was obtained, or 33.8% of the theoretical. 
A second run was made by the same method, using the same 
quantities but a better grade of diethanolamine. After boiling, 
the solution was permitted to stand in the ice bath for three 
hours instead of one hour. A much better yield was obtained 
than in the first run; 56.6 gra"'lls, or 707& of the theoretical 
amount. rrhis yield is superior to that reported by Iviann, who 
obtained 50 grams or 59%. 
The hydrochloride was analyzed for ionic chlorine without 
further purification. No analysis for total chlorine was made. 
Table III 
Analysis of Dichlorodiethylamine Hydrochloride 
for Ionic Chlorine 
V/eight sample 0. 3937 
CC. Ae-N0 3 24.50 
CC. KSCN 11.85 
H. AgJ'i0 3 0.1043 
N. KSCN 0.0302 
Percent of ionic chlorine 19.72% 
Calculated for ( ClCH2CH2) ~ili ·HCl; 19 .87r; 
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Dichlorodiethyla~ine 
I 
: Twenty-five and five tenths gra~s { 0 .143 mol.) of dichloro-
' i 
I 
: diethylamine hydrochloride was dissolved in 100 cc. of distilled 
I 
I 
! water, and 151~ sodium hydroxide added until no further turbidity 
: was apparent on the addition of a little more hydroxide. 
i' The free amine separated out as a clear, practically color-
fless oil, which was extracted with ether. 'l'he ether was dis-
1 tilled off from the hot water bath. 
The compound was permitted to come to room temperature 
while preparations were being made to distill it under reduced 
pressure. Before distillation was begun, the material began to 
boil vigorously; a few seconds later it was evident that decem-
position was occurring, and in a fev; seconds more the arn.ine had 
completel:r changed to a porous brmvn solid. Considerable heat 
was evolved in the process, the flask becoming much too hot to 
hold. 
I 'l1he residue had an odor faintly resembling that of orange 
l[peel oil. It was partially soluble in water, the water solution 
!i giving a urecipi tate vd th aqueous silver nitrate. The water so-
: I ~ . . . 
:1 lution was faintly acid to litmus. 
'I As much of the substance as possible was dissolved in wate~ 
I 
I 
:I 
·and the water evaporated in the hope of obtaining a crystalline 
:i product. However, only an obviously impure amorphous mass was 
'> 
II ~!recovered from solution. No identifiable product was isolated. 
:i 
II ) lj Eight and nine tenths grams {0.5 mol. of dichlor0diethyl-+=--··· ----···· 
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amine hydrochloride was dissolved in 200 cc. of distilled water, 
and 10% sodium hydroxide added until no further turbidity was 
apparent when a little more hydroxide was added. 
The solution was extracted with three portions of ether, 
and after drying over solid sodium hydroxide for several hours, 
the ether was evaporated under diminished pressure. During 
evaporation the temperature was held at 0°0., but as the ether 
was removed the temperature gradually rose to 12°0. 
I 
The clear, slightly yellow oil was placed in a small Erlen-
1meyer flask, cooled to 0°0. in an ice bath, and placed in a re-
frigerator at 5°0. for sixty-six hours. At the end of that time 
the greater part of the liquid had changed to a crystalline 
solid, though a small mnount of liquid still remained trapped 
in the crystals. 
The liquid remaining was washed out with chloroform and 
I 
1 with ether, and the white solid remaining dried by suction. 
The solid was found to be readily soluble in water, and 
practically insoluble in all organic solvents. 
Only four and six tenths grams of the salt were obtained, 
(65%} whereas a quantitative yield might be expected. In all 
prohability the unchanged liquid would account for the remainde 
The amount of unchanged liquid was not a. etermined. 
The decomposition of dichlorodiethylamine had previously 
been shovm to be violent at room temperature. This experiment 
i 
, showed that the reaction could be controlled if the temperature 
was kept lo·w. 
2? 
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A larger quantity of the salt was required in order to 
study it thoroughly. Thirty grams of dichlorodiethylamine hy-
drochloride was dissolved in water, made alkaline with NaOH, 
and.extracted vdth ether as before. After drying with solid 
\ NaOH overnight, 18.8 grams (78.8%) of the free amine was ob-
!' tained on evaporation of the ether. 
I 
I 
i Analyses of the amine for total chlorine were not satis-
factory, in every case the percentage found was about 1.4% be-
low the theoretical value. The _impurity v;hich caused the low 
results may have been diethanolamine, but since dichlorodiethyl-
amine cannot be distilled vd thout decomposition, the impurity 
could not be removed. The results of the analyses are reported 
in table IV, page 30. 
The molecular weight of the amine in benzene solution was 
also determined, the results indicating that it exists as a 
monomer. (Table V, page 30.) 
The discrepancy between the observed and calculated molecu-
lar weights can be accounted for if the fact that the amine im-
mediately begins to form the salt is considered. If it is as-
sumed that the salt is a polymer, any traces of it in the samp2 
will tend to give an apparent molecular weight higher than the 
actual molecula~ weight of the monomeric form. The amount of 
1 polymerization necessary to cause this 2. 68% error would be too 
small to be detected by inspection. 
It was ·round that the liquid would not form the salt in 
any appreciable quantity if the temperature was maintained at 
28 
o0 c. Only a relatively minute QUantity formed in forty-eight 
hours at this temperature. During the following forty-eight 
hours the temperature was permitted to ris·e slowly to 12°C., at 
the end of that time practically all the liQuid was converted 
to the solid. 
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Table IV 
Analysis of Dichlorodiethylamine for Total Chlorine 
I II III IV 
Weight sample 0.2954 0.28'74 0.30'7'7 0.2890 
cc. Agl~03 44.16 45.28 46.0'7 44.'78 
cc. KSCN 6.89 11.21 6.98 9.68 
N. Agl~03 0.0991 0.0991 0.0991 0.0991 
N. KSCN 0.0502 0.0502 0.0502 0.0502 
Percent Cl 48.40 48.44 48.59 48.50 
Rea_uired for ( ClCH2CH 2} ~; 49.93% 
Table V 
Molecular Weight of ( ClCH2CH2 ~. 2NH in Benzene Solution 
Weight benzene 
Weight sample 
.6. Tf 
Molecular weight (obs.} 
Molecular weight (calc.) 
Percent error 
8.51 
0.5229 
2.16 
145.8 
142.0 
2.68 
__j ___  
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:I 
l· 
l 
I 
' 
i 
;\ 
A portion of the solid was washed with ether to remove any 
liquid remaining, and dried in the oven at 110° for fifty min-
utes. Any lumps were broken up in a mortar. 
The salt was analyzed for both ionic and total chlorine. 
The results of these analyses are given in tables VI and VII, 
page 32. 
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I 
!I 
II 
' 
I 
I 
' ' 
' . 
' 
Table VI 
i Analysis of Salt Fonned by ( ClCH2CH2 ) 2NH for Ionic Chlorine 
: 
I II III IV v VI VII 
Weight sample 0.1250 0.1965 0.2097 0.1616 0.2179 0.2162 0.2054 
CC. AgN0 3 14.40 16.21 15.23 12.30 13.67 13.48 13.00 
CC. 'KSCl'l" 25.87 9.20 2.70 5.44 1.46 2.98 3.31 
N. AgN03 0.1043 0.0991 0.0991 0.0991 0.0991 0.0991 0.0991 
N. KSCN 0.0302 0.0502 0.0502 0.0502 0.0502 0.0502 0.0502 
Percent Cl 20.41 20.66 23.23 20.75 20.86 19.46 19.37 
.Mean of I, II,IV, and V 20.67% 
I 
Table VII 
;i 
' Analysis of Salt Formed by ( ClCH2CH2) 2NH for Total Chlorine ! 
I II III IV 
Weight sample 0.1188 0.1353 0.1165 0.1955 
cc. AgN0 3 20.27 23.51 20.23 29.61 
cc. KSCN 13.56 17.68 7.17 4.00 
N. A¢\!03 0.1043 0.1043 0.0991 0.0991 
N. KSCN 0.0302 0.0302 0.0502 0.0502 
Percent Cl 50.84 50.22 50.09 49.60 
Mean value 50.19% 
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!I 
It will be noted that in Table VI, determination III dif-
fers considerably from the other six and is not included in the 
mean value. It is believed that this discrepancy can be satis-
factorily explained. 
In the case of III, the precipitated AgCl was digested on 
the steam bath for nearly two hours in the presence of excess 
Ag~0 3 , and it seems probable that some of the non-ionic chlorine 
was also precipitated by that treatment. If this did take place, 
it would of course give a high value for ionic chlorine. 
Numbers VI and VII were precipitated in the cold and fil-
tered i~ediately. These values are slightly below the mean of 
the others, and it is probable that they are the more accurate, 
since none of the non-ionic halogen would be attacHed by the 
A~~03 under these conditions • 
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The molecular weight of the salt was determined in three 
solvents: water, phenol, and acetamide. All of these solvents 
c~use dissociation in varying degrees, and as a result widely 
different values were obtained, ranging from 60 in acetamide to 
156 in phenol. The results of the determinations are given in 
tables VIII, IX, and X, page 35. 
Treatment of a concentrated aqueous solution of the salt 
with 20% NaOH caused an oily yellow liquid ("second. liquid"} to 
separate from solution. 'l'his was extracted with ether, the 
ether solution dried over solid NaOH, and the ether evaporated. 
The liquid obtained in this mariner seemed to be identical with 
dichlorodiethylamine in every respect except color. Analyses of 
it for total chlorine are given in table XI, page 36, and values 
l obtained for the molecular weight in benzene solution in table 
' 
i XII, page 36. 
This liquid on standing formed a salt ("second salt") in 
i 
:exactly the same manner as dichlorodiethylamine. The salt form-
led seemed to be very nearly identical with that obtained from 
dichlorodiethylamine, except that it had a yellow-brovvn color 
instead of being pure white. Analyses of the "second salt" for 
total and ionic chlorine and the molecular weight in aqueous so-
lution are given in tables XIII, XIV, and XV respectively. 
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Table VIII 
Molecular Weight in -').queous Solution of Salt Formed from 
( ClCH2CH2) ~ 
I II 
cc. ·water (density 0.99'7) 16.33 8.96 
Weight sample 0.25'71 0.19'76 
L\ Tf 0.28 0.36 
Molecular weight (obs.) 104.'7 109.8 
Table IX 
Molecular Vieight in Phenol of Salt Fonned from ( ClCH2CH2 ) ~ 
I II 
Weight phenol '7.4298 8.0'792 
VI eight sample 0.0'789 0.1496 
~Tf 0.52 0.88 
Molecular weight (obs.) 151.0 156.0 
IJ.'able X 
Molecular Weight in Acetamide of Salt Formed from 
( ClCH2CH 2 ) ~ 
Weight acetamide 
Weight sample 
.6 Tf 
Molecular weight ( obs.) 
I 
11.554'7 
0.081'7 
0.40 
60.5 
II 
'7.2841 
0.0659 
0.50 
63.3 
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Table .xr 
Analysis of Liquid Obtained by Treatment with Alkali of 
the Sal~ Formed by (ClCH2CH2)~ 
I 
("Second Liquid") 
Weight sample 
CC. A£!,N0 3 
CC. KSCN 
N. AfN0 3 
N. KSCN 
Percent Cl 
Mean 
0.23'7'7 
34.95 
5 .0'7 
0.09914 
0.0502 
4 7 o1 · .89;'lo 
4?.95% 
Table XII 
II 
0.2401 
35.36 
4.89 
0.09914 
0.0502 
48.14% 
III 
0.2488 
35.26 
2.80 
0.09914 
0.0502 
4'7 .82% 
Molecular V'ieight of the "Second Liquid" (Benzene Solution) 
I II 
1 CC. benzene (density 0.8'78) 9.50 8.31 
Vleie;ht sample 0.300? 0.35?2 
.6 Tf 1.30 1.?1 
Molecular weight (obs.) 142.0 146.6 
Molecular wei~ht calculated for (ClCH2CH2)zNH 142.0 
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' Table XIII 
[ i Analysis of Salt Formed from "Second Liquid" for Total Chlorine 
i 
! 
I 
I 
:I 
'I 
I 
! 
I II III 
Weight sample 0.2006 0.2?11 0.2468 
cc. Agl\1"0 3 30.?8 45.66 41.68 
cc. KSCN 5.09 15.52 14.19 
N. .Ag:N0 3 0.09914 0.09914 0.09914 
N. KSCN 0,0502 0.0502 0.0502 
Percent Cl 49.42% 49.02% 49 .131; 
Mean 49.19% 
Table :xrv 
Analysis of Salt Formed from "Second Liquid" for Ionic Chlorine 
Weight sample 
CO. Agl'J0 3 
CO. KSCN 
N. A€1'{0 3 
N. KSCN 
Percent Cl 
Mean 
I 
0.2538 
1?.26 
2.?4 
0.09914 
0.0502 
cl 21.98p 
II 
0.2500 
16.14 
1.44 
0.09914 
0.0502 
23.0?% 
22.53% 
3? 
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Table XS! 
Molecular Weight in Aqueous Solution of Salt Formed from 
"Second Liquid" 
I II 
CC. water (density 0.99'7) 8.9'7 8.92 
Weight sample 0.0828 0.09'78 
.6Tf 0.18 0.20 
ivlolecular weight (·obs.) 95.6 102.2 
1 tween that date and 1905 se:veral Genn.an workers conducted a ra-
ther complete investigation of the mono-halogen substituted pri-
mary alkyl amines and the mono-halogen substituted tertiary al-
i kyl arnines. More recently ( 1930-1935) Marvel and his coworkers 
have reinv.estigated this field. Their findings have in general 
been the same as those previously reported, though in a few 
cases there have been slight changes and additions. 
There is no report on di-halogen substituted secondary al-
kyl arnines such as was used in the present investigation; the 
structure of the salt obtained must therefore be derived from 
the analytical data and by drawing as close an analogy as possi-
ble with previous work. 
Two general types of salts are found possible, one type in-
volves the formation of a cyclic monomer or dimer, the other tbe 
formation of a linear poiymer of high molecular weight. It was 
I shown by Knorr1 that two molecules of chloroethyldimethylamine 
united to form a cyclic quaternary ammonium salt, tetrarnethyl 
piperazine chloride (dimethyl piperazine dichloromethylate) (I), 
which could be decomposed by 33% KOH into acetylene, tetramethy 
1 ethylenediamine (II) and Beta-hydroxy ethyldimethylamine. (III) 
1 Ber. 37:3507 (1904). 
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OH3, ,.. OH2 OH2 ' / CH3 N N 
CH( CH: CH 'CH3 
KOH II 
I 
I 
It was also shovm that dry distillation of (I) produced 
: N ,N' -dimethyl piperazine (IV) by the loss of two molecules of 
I 
i 
: methyl chloride. 
I 
CH3 , /CH2 CH2, / CH3 N N 
'CH2- CH~ 
IV 
This work has been extended by Marvel and covvorkers1 , who 
have shown that compounds of the type BT(CH2 )nNR2 , (n = 3-10, 
, R = CH3, C2ff 5 , C3H7 , c4H9) may fonn monomeric salts with the 
1 /R 
general formula (CH 2)n)N-R, or m molecules may combine to form I 
long chain polymers: Br 
The type ~f salt obtained depends upon the value of n and 
il , (a) J. 
1,1 (b) J-. (c) J • 
II (d) J · 
!i (e) 'J. 
!I 
--'-'-·-
!I 
'I 
·t 
!l 
.Am. 
.Am. 
.Am. 
Am. 
A.m. 
Chern • 
Che::n • 
Che-:n. 
Chern. 
D'Ii'8!il. 
Soc., 
Soc., 
Soc., 
Soc., 
Soc., 
52:287 ( 1930) • 
55:753 (1933). 
55:1977 (1933). 
56:725 (1934). 
'5'7:1137 (1935). 
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the conditions under which the salt formation is pennitted to 
occur. Vlhen n = 3 and R = CH3 , the linear polymer is obtained 
in concentrated solution, but in dilute solution the cyclic salt 
is formed. In this case the cyclic salt is converted to the 
linear fonn by heating to 200° for a short time. However, if 
R = C2ff5 , C3H7 , or C4f-I9 , the cyclic salt only is obtained. 
When n = 4, 5, or 6, and R is any alkyl radical up to and 
including c4H~,the cyclic salt is the sole product. If n = '7, 
the chief product is the linear polymer, though a small amonnt 
;of the cyclic form is obtained. If n .· 8, 9, or 10, the linear 
form only is produced. 
These results agree quite well with those of earlier inves-
tigations, though Von Braun1 states that both the cyclic and the 
linear forms are produced by omega-brom-hexyl amine. The formu-
la which he proposes for the linear form is slightly different 
from that of Marvel: 
m Br( CH2) 1fH2 ~ [( CH21,s? NH 1 m(HBr)m 
Since this is a primary amine and Marvel's inve.stigations were 
concerned vri th tertiary amines, the two views do not necessarily 
I 
conflict. 
. The structure of the salt of dichlorodiethylamine must be 
similar to that of the examples cited, but it is not entirely 
i analogous. This is sho\vn by the difference in the percentages 
I 
·I: of ionic and total chlorine. As may be seen by the formula as-
1 ________________ _ 
I 1 Ber., 38:169 (1905). 
I 
I 
11 
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signed to them, all the halo~en in salts of the cyclic type is 
ionic, whereas in salts of the linear type the greater part is 
ionic but a small percentage remains with a covalent linkage. 
Analyses of the salt formed by dichlorodiethylamine show 
that a som.ewhat different arrangement must exist here. fJ.1he salt 
shows a total chlorine content of 50.19% and an ionic chlorine 
content of 19.42%. This is almost exactly a 2-5 ratio of ionic 
to total chlorine, which would mean a 2-3 ratio of ~.ionic to co-
valent chlorine. 
It is obviously impossible to devise a polymer of a dichlCII?-
o- compound which "\';ould contain five chlorine atoms, therefore 
there must be at least 10 chlorine atoms involved, which would 
mean a polymer of 5 molecules of dichlorodiethylruaine had been 
fonned. The actual ratio of ionic and covalent chlorine in this 
case v;ould be 4-6, which would appear as a 2-3 ratio in the an-
alyses. If this view is accepted as correct, the polymer forme 
probably has this structure: 
H, Cl, tH Cl, /H:~ Cl, /H Cl, /H 
N- CH2CH2 - N- CH2CH2- N- CH 2CH 2 - N -CH2CH 2- N- CH2CH2Cl l I I I \ 
. CH2 CH2 CH2 CH2 CH2 I I I I t 
CH2 CH2 CH2 CH2 CH2 I I I I l 
Cl Cl Cl Cl Cl 
This would correspond to a linear polymer as postulated by 
, Iviarvel, Littmann, and Gibbs1 , and according to their views 
i ---------------------
11 J. kn. Chern. Soc., 55:?53 (1933), (Cf. page 36). 
I 
'i 
:I ,, 
42 
be represented in this manner: 
The fact that the polymer is decomposed by alkali to form 
the original dichlorodiethylamine may indicate that the linkage 
within the polymer is not as strong as the suggested formulas 
would indicate, and it is more likely that an association is 
formed, rather than a true compound formation. The formula giv-
en for the polymer is not satisfactory in this respect. 
It vrill be noted that not all the nitrogen atoms in this 
pol~nerized molecule are equal; four are represented as being 
pentavalent and the fifth trivalent. However, this is also in 
i • 
! keep1.ng with the findings of Marvel, who has found it possible, 
in some cases, to ti'trate the trivalent nitrogen and in this way11 
to determine the molecular weight. , 
It is not known why the polymer should go to five molecules! 
' 
' 
! and no further, yet it is quite apparent that the addition or 
l 
! subtraction of even one molecule will change the ratio of ionic 
to covalent chlorine so much that it could not possibly fit the 
analytical data. If four molecules could polymerize in this 
manner, the ratio of ionic to covalent chlorine would become 
3-5, and if a six molecule polymer is postulated, the ratio be-
comes 5-?, so that both of these possibilities are obviously ex-
eluded. 
I 
' 
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I 
i 
i j The suggestion has been made that a mixture of linear poly-
mers of various length is formed, which give an average ratio 
of 2-3. This possibility is excluded by the fact that the same 
ratio is always obtained regardless of the conditions under 
which polymerization occurs, provided the temperature does not 
reach the decomposition point. Since it has been shm1m that 
when a mixture of two types of polymers is formed, the condi-
tions under which polymerization occurs determines which type 
shall predominate, it is very improbable that more than one type 
occurs here. 
The possibility that a piperazine derivative is fo~&ed has 
been considered, but here again no structure has been devised 
which satisfies the analytical data. In addition, it was shown 
by Knorr1 that boiling the piperazine salts with 33~& KOH decom-
posed the salts, one of the products being acetylene. In the 
present case, boiling with KOH liberated no gas whatever, even 
though the concentration of the alkali was increased to ?0%. 
The sole product from this treatment was a brovm. resinous insol-
uble mass which contained no halogen. By analogy, it is safe 
to assume that the piperazine structure d9es not exist in the 
salt of dichlorodiethylamine, this being another bit of evidence 
in favor of the linear formula. 
1 Ber., 3?:350? (1904). 
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Method of Analysis for Chlorine 
The Volhard method was used ':.exclusively in determining the 
I 
percentage of chlorine in the various compounds analyzed, but 
since some analyses were made for ionic chlorine and some for 
total chlorine, two methods were used to prepare the samples 
for analysis. 
Vfuen an analysis was made for ionic chlorine, the sample 
was dissolved in 50 cc. of distilled water, made acid with 2 cc. 
of boiled concentrated nitric acid, and the ionic chlorine pre-
cipitated as AgCl with standard AgN03. In the case of samples 
I, II, IV, and V (TableVI), the precipitates were digested on 
the steam bath for one half hour, the AgCl filtered off, and the 
excess AgN0 3 back titrated with standard KSCN. Ferric ammonium 
sulphate was used as the indicator, giving the red color of 
Fe(SCN)rz at the end point. Sample III was digested for two hours 
u 
,before filtration, and samples VI and VII were filtered immedi-
lately without digestion. . . 
I When the sample to be analyzed for total chlorine was a 
free amine, it was placed in a 100 cc. round bottom long neck 
flask and dissolved in 40 cc. of absolute alcohol. If the sam-
ple was an amine hydrochloride, it was placed in the flask and 
i dissolved in the smallest possible amount of water, then 40 cc. 
I 
/ of absolute alcohol vms added. 
In either case, the flask was placed under reflux and four 
grams of sodium addecl throur,h the condenser, over a period of 
45 
ten to twenty minutes. The solution was boiled for about one 
hour, cooled, and 50 cc. of water added. It was then transfer-
red to a beaker, made acid vri th boiled F.IT.\fO 3, and the chlorine 
precipitated with standard AgN03. The precipitates were digested 
on the steam bath overnight, filtered, and the excess A@{0 3 back 
titrated with standard KSCN. 
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